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The results of a Navier-Stokes analysis for predicting the
change in turbine efficiency due to a change in either
incidence or surface roughness is discussed. It was
experimentally determined by Boynton, Tabibzadeh, and Hudson
that polishing the SSME high pressure fuel turbine blades
improved turbine efficiency by about 2 points over a wide
range of operating conditions. These conditions encompassed
the range of incidence seen by the turbine blading during
flight. It is also necessary to be able to predict turbine
performance at various operating points for future rocket
turbopump applications. The code RVCQ3D, developed by Rod
Chima, was used to determine the effects of changes in
incidence angle on turbine blade row efficiency. The midspan
Navier-Stokes results were used in conjunction with an
inviscid flow analysis code to predict the efficiency of the
two stage SSME over a wide range of operating conditions for
smooth and rough turbine blades. The use of the Navier-
Stokes analysis to predict changes in turbine efficiency due
to variation in incidence angles was found to be superior to
other incidence loss correlations available in the
literature. The sensitivity of the Navier-Stokes results to
grid parameters is discussed.
The effects of the surface roughness were accounted for
using the Cebeci-Chang rough wall turbulence model. This
model was implimented in the code RVCQ3D. The implimentation
of this model for predicting the change in efficiency is
also discussed.
1259
https://ntrs.nasa.gov/search.jsp?R=19950017004 2020-06-16T08:40:56+00:00Z
CO(/)
LU
Z
0
rr
uJ
(J
<{
IL
n-
(n
"0
t_
UJ
(J
i11
m
0
Z
m
u.
0
Z
0
m
0
m
!!1
rr
a.
111
0
Z
<{
:E
E
0
!1_
E
uJ
n
uJ
Z
m
F-
Z
0
(/)
111
U.
IL
111
1260
m
0
I-_
C
.C:_-
I
(n
<
Z
UJ
m
0
W
0
W
0
Z
n-
O
n"
111
111
Z
I
rn
IX:
111
0
n-
n
R
l
rn
n
0
Z
0
0
I
0
n-
n
0
W
11.
W
I
I
0
111
11.
11.
111
CO
111
111
0
11.
rr
00
1261
0
I
I--
<
>
I
0
Z
I-
rr
0 0c
n
I
0
I11
_J
0
n"
!11 --
0 Z W
I
w 0 ZI.L --
lZ. Z
ill I11 Z
!11
w
0 Z Z
Z n" I11
!11
0
Z
n"
0
II.
I
0
W
il.
I.L
I11
CO
I11
Z
0
0
n"
!11
n-
0
Z
I
,,_
0
0
LLi
>
I
I-
0
LU
.l-
O
II
n
Z
!11 IEIILl
1262
W
Z
0
n-"
w
0
n,'
"O
W
Z
W
a
i
i
n"
_J
eli
i
rn
Z
0
i
F-
0 O0iii
I--
7 0
W <
0," o
iii n,"
ii 0..
ii O.
ill
0"_
I--
Z
,el::
I-
o-'
0
O.
i
Iii
(,0
7
£b
iii
ill
,el::
iii
o"'
1263
i
i
i
O0
W
O0
0
i
rr
W
i
I,I
rr
J
W
W
O0
CO
0
W
i
_J
I,I
rr
0
<
0
rr"
iI
iI
<
0
I
I--
<
!--
0_
0
0
LLI
r_
_.1
Z
r_
0
0
a
z
a
o
>
Z
LLI
n
LLI
a
ILl
LI.!
Z
_.1
Z
0
I
0
ILl
>
>.
I.L
I.!.1
>
0
a
I_1
ILl
Z
I.!.1
'_0
0 ,_
0
_" rr"
Z I_
_ n
1264
a
I
0
I
a
m
0
O_
Z
I
Z
Q.
O0
a
I
a
CO
0
0
>
o"
I
O0
0
0
O0
I
>
O'J
111
GO
0
÷
I
I-- _l
I
I
OC
W
_I
o _
, i1_
0 0
m 0
1265
-" O'J 111
>" 0 0
Z U..
Z
1266
0
Z
O0
W o
1267
Z
0
m
n"
n
_E
0
0
O0
0
ill
0
Z
i!1
m
0
Z
m
Iii
Z
m
I-
1.1.1
I-
I--
O0
Ill
I--
0
0
0
I.I.
O0
0
m
CO
I.!.1
c_
II
/
!11
CI
m
v LL!
-J !-- _ Z
I-" --
I ,,,
a _ Z
I_ _ = I_ LULLI
z n
ILl v cO _
co _ o0 w o
O0
O0 I--
U.! O'
0 w
,, o
ii i--
ILl rr
0 LU
Z n-
ill
_- Cl O0
o0 Z ILl
cO Z 0
1268
0I-
I
Z
0
I
111
OC:
0
0
111
Z
0
111
0
CI
O0
Iii
Z
I
rn
E
Z
iii
rr
iii
U.
ii
C_
/
0
I
n-
F-
0 w
0
0
I
W W
O n,`
_ 0
No
Z W
LL Z
0 w
>. a
!-- 0
-- Z
m a
n,. _1
LU >
I
> n"
Z W
a
o
/
W
n"
W
n"
Oi
0
!
I1
a.
w
I
W
m
0
e-
iim
0
0
I
ffl
LL!
0
I
Z
0
I
I
C]
Z
0
U
0
ii
0
m
Z
0
Z
O:
1269
P.
_D
0
©
0
0
©
>
rf_
0 ¢',1 _ l'-.- ¢'_ "_ lO
000000 0
000,--_ 00
• i,,,I
_D X X X X X
_r_
O_
1270
0
0
0
! I I I
0 _ 0
,_ Z Z
1271
0
o"
|
|
i
|
i
Z
\
I
A
| ,, n
Z Z
1272
Z
0= d o,"
0
m
0
I s
s
S
0
ILl
C_
C_
0
--I
- I
I I , I I | i
°5
0
!
' Q
I
0
I
CO
CO
0
==1
Ill _ _ _ _=" 0
0 x
.=.I iii z
m U
W 0 e_
0 w.
I.I= ..j
W
1275
0
HI
0
Z
g
=
, ((
g,_=
0m
m
s_
:D
s_
m
0
I,I.
0
IM
I.I.
I.I.
IM
i I
,I IOn "
I "
, I I
0
_I
0
|
IU
o Z
,_ IJJ
' I::1
m(J
0
|
0
CO
|
Z0
Z 0
Z
I
!
|
mm
1277
_q
0
Z
U
Z
LU
m
I
I •
I
E]
uJ
i11
a.
U)
0
I
LU
Z
I
El
rr
I-
C:
(n
rr
0
IL
>-
0
UJ
I
0
m
EL
U.
UJ
>-
0
Z
i11
m
0
m
LI. _--
0
d
Z '
n_ "1 IIJ
Z (b 3
(/) LU <:
UJ
0
>-
0
Z
UJ
m(J
mm
U.
EL
ILl
I
d
1279
I
_D
0
:S
Z
m
0
CO
(_1
_D ,--
(_1
=<
{D
I"
in
im
!
0
_if
0
Z
0
0
CO
O0
0
_J
W
0
Z
W
r7
I
0
Z
)-
c_
w >-
I- iJ
rr Z
Oi
_I O_
iii C)
ffl W
O_
"_0
111 1-
0o) I
W 1.11
Z
1280
I.n
(9
I.-
Z
<f
<f
0
I
LL
I
Z
I
_0
<f
I-
0
Z
Z
w _.
!-_ w
0c X
w _ u.I
rr O_
n," Z
0 CO --
OWl-
Z
O_ iii
_l I
I
ZO _
-
0 Z
0 ,_
0,_ o
a
Lu 0
I-. _- U_ I--
w e_
_z zw
1281
=Z
I---I
ro
0 ¢'xl _t, ,...._ O0 _14
.,_ ,---_ 0 ,--4 C'xl 0 ¢_10000 0.
O00 O00
0000000
O000000
io0ooooo
 ooooooo,.4,-4 ,4
_ , ,
,-4
iO O0 0 0 0 0
O.
Z o
ro ._
o
II
(.) -_
2:
©
0
r_
0
t-.-
×
_ 0 ,.--_ C',10 ¢',1
00 O000
• • ) • •
0000 O0
i_ ooooo, oo
o 00 O000
_ 0 ,--._ ¢xl 0 ¢',1
O00 O00
000 O00
0000000
0000000
0000000
ooooo_ ,-_
×
0"_
¢xl
0
X
1282
O.
0
0
0
%
l
8
O_
O_
Z
1283
rT_
0
Z
O0
Z
0
I
0
Z
0
0
CO
LU
Z
!11
0
I1.
r_
LIJ O0
C] LU
0 z
:E TM 0
oo rt- 0
LLI n"
z _ 0
0 Z I-
I
LU0 w
n- o c]
Z
0
'<0
,<
0 m :E
0
w_u.
m tzl rt"
LU n" LU
0 O. 0..
O0
i--
Z
I
0
n
04
II
1284
O0
W
0
Z
W
t7
I
0
Z
LI.
0
LLI
0
Z
rt"
n-
O
LI.
LLI
_.J
m
oO
Z:)
I-- oO
Z l--
w 0 _
I
:E I- LU
LU 11.
0
rr" O0 O0
O. O0 O0
I
O0
0
W
LLI
Z
!11
r7
0
I11
0
I11W _0
LU I-- z
!-- r_
LU !.-
mOO
_" _ LU
r,r
rr" n
LU 0
i-- LL. I:C
O0 ILl
IO_ a U-
Z LU O0
0 U.! n"
cr_
Z
0
m
0
Z
0
0
n"
l.lJ
0
O0
Z CO
O0 r_ u-!
oo oo
_- LL! rj
._! r7
_ _ 0
0 a
w _
v Z _
oNw
!--- 0 0
m aI
n.. w '_
ul n.. _
N0.._ 0
0 _
Z LI- Ill O0
_: n i-
n
O0 U_ LU
0 LU-- u_
--_Ou.
_ ILl
rr'
LU
_0 >.
0 w o
n.. o w
w !-- _
F-. W
m _ w
ILl _
_ LI.i z
_ 0 n"
m 0
I
Nz
z _ Z
_ _ 0
OoN
m I_1 w aLUOn>n,,
_ _ _ 0_
1285

